Introduction: Knowledge of Canadians' experiences in making health behaviour changes (HBCs) in general, and among those at risk due to body mass index (BMI), would help inform health promotion / disease prevention programs. Selected selfreported HBCs in the past 12 months by BMI category were examined in this secondary analysis of the Canadian Community Health Survey 4.1. These HBCs included increased sports/exercise, weight loss and improved eating habits. Barriers to HBC were also examined.
Introduction
With the development of the Canadian Community Health Survey (CCHS) in 2000 and the Canadian Health Measures Survey in 2009, health planners have improved their capacity to reliably assess the effects of health promotion / disease prevention efforts on the health of Canadians. 1 Among many health issues, the rise in obesity is of particular interest as an intermediate risk factor for common chronic diseases.
Prevalence of overweight is currently 34.2% and of obesity is 26% among adults aged 18 to 79 years. 2 Diet and physical activity are primary lifestyle factors that influence obesity prevalence. To date, cross-sectional health surveys have provided limited information on the prevalence of physical activity and consumption of fruits and vegetables (as an indicator of a healthy diet). A review of the summary 2009-2012 CCHS tables shows that 56.2% of Canadians aged 12 years and older engage in enough leisure time activity to be considered at least moderately active ( § 1.5 kcal/kg/day). 2 Activity prevalence is stable; however, the percentage of Canadians consuming fruits and vegetables 5 or more times per day has decreased from 45.6% in 2009 to 40.6% in 2012. 3 Information on population prevalence of self-reported health behaviour change (HBC) to improve diet, physical activity and body weight-the main barriers to change-and the associated sociodemographic characteristics could both inform the development of new initiatives and provide population-based data to evaluate the longer-term success of public health approaches 4, 5 An opportunity to examine the prevalence of HBC became available in the CCHS Cycle 4.1 (2007) along with information on associated demographic and health variables and barriers to change. 6 The goals of this secondary analysis were to (1) examine the prevalence of self-reported HBC among adults in general and by body mass index (BMI) category, (2) determine the sociodemographic factors associated with HBC and (3) examine the prevalence of barriers to HBC by BMI category.
Methods
The CCHS Cycle 4.1 was a national, crosssectional survey of self-reported information on health status, health care utilization and health determinants including HBC. 6 Data were collected from respondents in all provinces and territories, and the results are representative of 98% of the Canadian population. Further details on the survey are available online. 6 BMI was calculated and classified according to national standards for weight classification. 7 The bias in self-reported BMI, where people underestimate their weight and overestimate their height, is well-recognized. 8 Since self-reported height and weight were used in this study, we applied previously established correction equations to the BMI estimates of overweight and obese adults but not of normal-weight adults due to the smaller reporting bias in this group. 9 This analysis was limited to non-pregnant respondents 18 years and older who responded themselves (not by proxy) and had a BMI between 18.5 kg/m 2 and 55.0 kg/m 2 prior to correction for selfreport bias. Respondents in the extreme ends of the BMI range were excluded as they face unique health challenges with respect to their body weight.
Self-reported HBC in the past year (Yes/ No) was the main outcome of interest.
Respondents were also asked to identify the single most important HBC made in the past year (see Figure 1 for question flow pattern). Options for types of selfreported HBC included increased sports/ exercise, lost weight, improved eating habits, quit/reduced amount smoked, drank less alcohol, reduced stress level, received medical treatment, took vitamins, and undisclosed ''other.'' If a respondent used multiple HBCs simultaneously, he or she had to select the single most important change.
Respondents who indicated they felt they should do something to improve their health were asked to identify barriers to HBC and allowed to select multiple barriers. Options for barriers to HBC included lack of willpower, work schedule, family responsibilities, disability, physical condition, too stressed, too costly, problems with the weather, addiction to drugs/ alcohol, not available in area, transportation problems and undisclosed 0other.0 Willpower was the colloquial term used for perceived behavioural control, which is considered an overarching, superordinate construct, consisting of 2 lowerlevel components, self-efficacy and controllability. 10, 11 We ran descriptive statistics (using SPSS version 19.0 [IBM Corp., Armonk, NY, US]) to determine the demographic characteristics and prevalence of HBC among normalweight, overweight and obese respondents. When the chi-square indicated a difference in proportions, these were compared using a z-test (assuming central limit approximation applies) and adjusted for multiple comparisons using the Bonferroni adjustment. Continuous variables were examined by analysis of variance with posthoc comparison of means by Tamhane's T2, not assuming equal sample sizes or variances. Data were weighted using supplied sampling weights. 12 A subset analysis was then performed on respondents who did or did not undertake HBC and experienced barriers. Those who did not feel they needed to make additional HBCs ( Figure 1 ) were excluded from this analysis. b Responses include lack of will power, work schedule, too costly, too stressed, disability, family responsibilities, addiction to drugs or alcohol, physical condition, not available in area, transportation problems, weather problems, and other.
We used forward stepwise logistic regression to determine the variables associated with HBC in order of influence while controlling for age, sex, education and personal income. The initial regression models generated included all available variables in the CCHS that had been previously associated with weight change and physical activity in a preliminary literature review. The variables were age and sex, sociodemographic characteristics, education, income, immigration status, general health, self-reported height and weight, chronic conditions, medication use, changes made to improve health, food security, physical activity index, sedentary activity, social support and job stress. After reviewing for conceptual overlap, temporal issues and multicollinearity, we retained the most influential predictors. We created an initial regression model for HBC overall; based on those results, we then generated individual models predicting each specific HBC. Separate models were initially run for each BMI category; however, due to similarities between the models, all BMI categories were collapsed into a single grouping and BMI was included as a continuous predictor variable in the model. Model fit was assessed using Nagelkerke R 2 and the Hosmer-Lemeshow test. As the models explained little variance, no bootstrapping was conducted.
Results
Of the final sample (n = 111 449), 27% (n = 30 442) of respondents were obese, 29% (n = 31 831) overweight and 44% (n = 49 176) normal weight. See selected sociodemographic variables in Table 1 .
Overall, 58% (n =64 035) of respondents said they did something to improve their health ( Table 2) . Increased sports/exercise was the most popular HBC among all respondents (29%; n = 31 936), followed by improved eating habits (10%) and weight loss (7%). All other HBC changes (13%) included quit/reduced smoking, drank less alcohol, reduced stress level, received medical treatment, took vitamins, and other. A higher percentage of obese respondents (60%) than normal-weight respondents (55%) did something to improve their health. Two-thirds (68%; n = 75 717) of all respondents felt they should be doing more to improve their health. Of these, 51% (n = 38 193) met with one or more barriers to HBC (see Table 2 ), with lack of willpower the most commonly cited barrier (34%), followed by work schedule (28%) and family responsibilities (15%). All other barriers were reported by less than 10% of respondents. Among those who experienced barriers to HBC, obese respondents were significantly more likely than normal-weight respondents to cite lack of willpower, disability or a physical condition as a barrier to health change (p < .05 for all). Normal-weight respondents were significantly more likely than obese respondents to cite work, family responsibilities and cost as barriers to improving health (p < .05 for all) (see Figure 2 ).
We performed a subset analysis to determine differences in the prevalence of barriers among those who did and did not report having made a HBC. Family responsibility was a statistically significantly greater barrier (p < .001) among those who did not make an HBC (16%) than among those who did (15%), but this difference was small. Cost was a significantly greater barrier (p < .001) among those who made an HBC (6%) than those who did not (4%), but cost was not a prevalent barrier. Differences between HBC and non-HBC groups in the prevalence of barriers related to lack of willpower, work schedule, disability or physical condition were not significant.
Initial logistic regression models showed that BMI, opinion of own weight, fruit and vegetable consumption, number of consultations with medical doctor, smoking status and self-perceived general health were all important variables associated with any HBC. A significant age by smoking status interaction effect was found for all models. All models had limited power to account for the variance. The increased sports/exercise model had a Nagelkerke R 2 of 0.07, indicating a low level of variance explained by the model; the Hosmer-Lemeshow test was significant at p = .001, indicating a poor model fit. The model for weight loss Table 3 ). For the model for weight loss, opinion of own weight, BMI and increased fruits and vegetable intake were positively associated with weight loss, while smoking and self-perceived general health were not. Finally, for the model predicting improved eating habits, daily smoking was inversely associated, while opinion of weight, BMI and higher fruit and vegetable intake were also positively associated with improved eating habits, and no variables were excluded from the model.
Discussion
The fact that nearly 60% of adults reported making an HBC in the past 12 months was striking and suggests that many Canadians are both concerned about their health and willing to make positive changes. Similarly, the fact that two-thirds felt they should be doing more to improve their health suggests widespread concern. Since this was a new set of questions to be asked nationally (they had been asked in a subset in CCHS 3.1), it will be some years before comparative data will be available, either for longitudinal comparison or cross-sectionally with other surveys.
The focus on identifying the most important HBC was novel and provides new information, in contrast to other population studies that assessed a range of HBCs. 13, 14 Increased sports/exercise was reported nearly 3 times as often as the next most reported HBC of improved eating habits (29% vs. 10%, respectively). This result runs counter to some other studies that have suggested that changes in physical activity may be more difficult than changes in diet among those who are overweight. 15 Variation among studies is considerable. Newson et al. 16 looked at HBC after a chronic disease diagnosis in the National Population Health Survey cohort. Among the group who developed diabetes, who are generally advised by health care practitioners to both increase exercise and improve diet, 17 the percentage who were physically active and consumed 5 or more servings of fruits and vegetables increased by 7%; only 35 out of 487 adopted both behaviours. In contrast, among those who developed heart disease, the percentage meeting physical activity guidelines increased only 2% (from 51.6% to 53.9%), compared with an increase of 9% (from 42% to 51%) for meeting fruit and vegetable intake guidelines. Reasons for the differences are uncertain, but older subjects were less likely to make changes. 16 Review of the exploratory logistic regression results in our study also hint at differences by health behaviour and health subgroups in the population. Various forms of cluster analysis could help further characterize groups in the population who are more likely to adopt different lifestyle changes. Overall, the high prevalence of half dropped out before completing the oneyear follow-up. Additional more detailed population-based surveys are needed to determine the percentage and characteristics of Canadians who can achieve clinically relevant weight loss.
Compared with those who were normal weight, the majority of overweight and obese respondents undertook more HBC of all types and said they wanted to do more to improve their health. They also chose increased exercise as the most important HBC, as did normal-weight respondents. Given the positive health benefits of exercise for people of all weights, these results suggest a greater emphasis on exercise in health promotion efforts would be well received. Current health promotion that speaks of achieving ''a healthy weight'' could be highly discouraging to overweight and obese people, given how challenging it is to lose weight. A positive message based on exercise would be more consistent with population preferences and with emerging evidence that the physically and metabolically fit obese have decreased mortality risk of cardiovascular disease compared with the unfit. 21, 22 Assessment of prevalence of barriers was unique to the CCHS; other large surveys assessing similar concepts were not found.
Half of the relevant respondents did not report any barriers to HBC. Among those who did report barriers, lack of willpower (as expected) was the most commonly cited, followed by work schedule and family responsibilities.
Willpower includes the concepts of selfefficacy and controllability, key foci of much of the health behaviour literature, as evidenced by such seminal texts as Health Behavior and Health Education, first published in 1990, which provided the first overview of all the major theories at that time. 23 Since then, the importance of environmental and social context in affecting individual behaviour has been increasingly recognized. Lack of time is one such barrier to HBC commonly cited in the literature. 24, 25, 26 Lack of time was not listed as an option in the CCHS; however, as work and family responsibilities are time-intensive tasks that reduce the time available to undertake HBC, it may be inferred that these tasks describe similar barriers. Considering overall barriers by BMI, obese respondents reported a similar prevalence of barriers as normal-weight respondents (51% vs. 52%), but the types of barriers differed somewhat, with disability and lack of willpower being more common but work and family responsibilities being less common among obese respondents. Overall, however, transportation, cost, stress and lack of availability were not endorsed as common barriers by the majority of Canadians. Such population-based data on prevalence of key barriers to HBC has implications for the design of new approaches.
Our logistic regression modelling was exploratory and aimed at identifying possible associations beyond the obvious differences by age, gender, income and education. The association between BMI and HBC has been previously observed: Verheijden et al. 27 found that obese respondents were more likely than normal-weight respondents to continue to Smoking has often been inversely associated with HBC. 27, 29, 30 Higher fruit and vegetable intake has been consistently associated with better health in many epidemiological studies, so it was not surprising that people who already ate more fruits and vegetables were also more likely to make HBCs. Perception of overweight status and general health, as well as greater number of consultations with physicians were all associated with undertaking HBC, as observed in previous studies. 31 Better characterization of the subgroups who undertake HBC is needed to guide health promotion efforts. Each of these variables should be considered in more detail; they may be indirect indicators of lifestyle or other factors, which may in turn be associated with HBC. Further research is required to fully understand these relationships.
Only one previous study has examined HBC in the CCHS 4.1; Hystad and Carpiano's 32 results for overall prevalence of HBC confirmed ours. Sense of belonging in the community was the focus of their work. In our analysis, sense of belonging was included as a possible predictor in the initial regression models. Though statistically significant, sense of belonging in the community was strongly overshadowed by other variables and accounted for very little unique variance in the model. As a result, we removed it from the final model for the sake of parsimony.
Strengths and limitations
Strengths of this study include (1) a baseline estimate of the prevalence of the most important HBC activities and (2) the barriers to change by BMI category at the population level in Canada. Over time, it will be possible to better assess outcomes of health promotion efforts at the population level.
There are also significant limitations. 
Conclusion
This analysis of self-reported HBCs and barriers in the CCHS 4.1 revealed a high prevalence of HBC overall, and especially of increased exercise by a substantial minority of adults. While we were particularly interested in possible differences by obesity status, this analysis indicated the obese are very similar to the normal weight in reported HBCs. The regression analyses also identified other factors that may help further characterize the population. Further methodological development of the methods for assessing HBCs and barriers in the population are needed, but the current study has provided new information that can inform development of future HBC strategies.
